The impact of land use on the water quality of foothill microcatchment areas. In this paper a comparison is made between the impact of land use methods on the quality of water in the streams which drain various catchment areas. For this purpose three microcatchments were selected which are located in agricultural, rural settlements, and forested areas. Water samples were physically and chemically analysed in order to determine: nitrates, nitrites, ammonia, phosphates, sulphates, chlorides, calcium, magnesium, dissolved oxygen, reaction and conductivity. The above studies were conducted in the 2006 and 2007. Our analysis of the collected materials allows us to affi rm that land use methods have a signifi cant impact on the water quality of the streams which drain the area. Rural settlement has the most negative infl uence on the water quality, followed by typical agricultural use. Based on the direct quality evaluations of single water samples, it has been found that only water from forested areas can be qualifi ed as belonging to the 1st cleanness class.
INTRODUCTION
In spite of the important functions which small water streams fulfi l in the environment, they are exposed to many negative factors, mainly of anthropogenic origin. Rising living standards as well as increasing urbanisation have become the reasons for signifi cant, not always favourable, impact of humans on the natural environment. Protecting water resource quality from pollution is one of the main problems of contemporary civilisation. The objective of this paper is to compare the quality of water fl owing from foothill microcatchment areas where the land is used in various ways.
MATERIAL AND METHODS
In the work a collation has been made of the impact of land use methods on the water quality of small streams. For this purpose three streams were chosen which drain the agriculturally used land, rural settlements and forested areas, and from which water samples were subjected to physical-chemical analyses which determined 11 quality indicators. The investigated research sites are located in the Malopolska region, in the district of Bochnia (Bochnia and Nowy Wiśnicz communes) and in the district of Brzesko (Brzesko commune) situated within two meso-regions, e.g. the Bocheński and Wiśnicki Foothills (Kondracki 2002) (Fig. 1) . The distribution of gradients of agriculturally used catchment area revealed that the terrain (81.56%) was dominated by the slopes in range from 0 to 10%.
Predominant part of the catchment area is occupied by arable land (81%) which is characterized as a good quality, grasslands occur in a direct vicinity of water streams, and they are occupying circa 7% of the area, orchards are present sporadically (5%), in which apples are prevailing. The forest area (4%) is limited to the small clusters of trees located mainly in vicinity of the main stream source. In the catchment area there is no high density housing. In south-eastern part single households and homesteads are located. However, they are separated from the surface water by the plant consolidation belt (Fig. 2) .
The prevalent part of settlementagricultural catchment area is occupied by arable lands (59%). Grasslands which are present in a direct neighbourhood of the streams are occupying ca 8%, orchards 4%, and the forest area, located in southern part, comprises 19% of the area. Agriculture in catchment area has a typical extensive character, with small fragmented fi eld and at present mostly abandoned. The cultivated arable lands are used for growing grain crops. The distribution of gradients of the discussed catchment area indicates on a clear superiority (37.68%) of the terrain with a slope in the range from 5 to do 10%. In the catchment area there is a large number of building developments. (Fig. 3) . The distribution of gradients of the forest catchment area clearly indicates on the superiority of the land (47.40%) with the slopes in the range from 5 to 10%. The catchment area is covered in 75% by forest with dominant pine species. The arable lands take up 13%; meadows and pasture 7%; orchards occupy 3% of the catchment area and occur in summit parcels.
The urbanized areas are limited exclusively to several households located in neighbourhood of agricultural land, and do not have a direct contact with the main stream of the catchment area (Fig. 4) .
The fi eld studies were conducted from November 2005 to October 2007. Reaction (pH), conductivity and dissolved oxygen were determined by equipment from the Elmetron Company. Nitrates, nitrites, ammonia, and phosphates were determined by the fl ow method of colorimetric analysis, and sulphates were detonated by a gravimetric analysis 
RESULTS AND DISCUSSION
The results obtained during studies which concerned selected concentrations of the quality indicators of water fl owing from wisely utilised land indicate a signifi cant difference.
The mean values from the investigated period were in the range: for nitrates Relying on the direct quality assessment of single water samples collected in the period of 24 dates (Tab. 3) one can conclude that only water in the streams located in forested terrain can qualify to the 1st quality class. It was shown that the most polluted water was in streams situated in the agricultural-rural settlement areas, which most frequently were classifi ed in the 5th quality class. For water fl owing from a microcatchment area which was used as a typical agricultural area (Fig. 5) , biogenic compounds played the greatest role in lowering the water quality: ammonium most frequently decreased the water quality to the 5th class (37.5% of determinations), nitrites to the 3rd class (50%), and phosphates to the 2nd class (50%) and 3rd class (41.7%).
Moreover, categorisation of water fl owing from a typical agricultural area to the 3rd class was decided by calcium concentrations (83.3%). Water was categorised in the 2nd class by the presence of nitrates, magnesium and conductivity. The remaining analysed Explanations: 1 -water fl owing from a typical agricultural area, 2 -water fl owing from agricultural and rural settlement areas, 3 -water fl owing from forested land.
indicators (chlorides, sulphates, and reaction) placed the water of the studied streams in the 1st class. With regard to the nitrate concentrations, it has been found that most frequently the water fl owing from rural settlements and agricultural areas (Fig. 6 ) qualifi ed to the 2nd class (75% determinations). Nitrites more often decreased water quality to the 3rd class (54.3%). Ammonia lowered the quality of water fl owing from rural settlements and agricultural areas more often to the 3rd class (50%) and 4th class (29.9%), and even sometimes to the 5th class (8.3%). Phosphate proved to be a compound which, when concentrated in water fl owing from rural settlements and agricultural areas, often qualifi ed this water to the 5th class (54.1%). As for calcium concentrations, the water qualifi ed to the 2nd and 3rd class (50% respectively). It has been affi rmed that neither chlorides nor sulphates lowered the quality of water under investigation. Conductivity classifi ed the water fl owing from the studied areas most often to the 2nd class, oxygenation to the 1st class, and reaction always to the 1st class.
Water fl owing from a wooded catchment area, for most of the analysed indicators, was characterised as very good quality (Fig. 7) . Only phosphates in 50% of the conducted determinations decreased the water quality to the 2nd class. It has been found that several times nitrates (20.8% determinations) and nitrites (29.9%) qualifi ed water fl owing from the forested area to the 2nd class, and in the case of nitrite concentrations, several times to the 3rd class (20. , dissolved oxygen, conductivity, pH), the water fl owing from the forest terrain, apart from incidental cases, was qualifi ed to the 1st class.
The quality analysis of water fl owing through variously used areas of land during the study period, assessed by the direct method (with a frequency of 90%), proved that in regards to the . In the case of water fl owing from rural settlements and agricultural areas, the phosphate concentrations were decisive for the classifi cation of the water, which was characterised as being of poor quality. It was established that in the case of water fl owing from a typical agricultural catchment area, 3 indicators qualifi ed the water to the 1st class, 4 to the 2nd class, 3 to the 3rd class, 0 to the 4th class and 1 indicator to the 5th class.
In water fl owing from a catchment area utilised as rural settlement and agricultural land, 4 indicators qualify it to the 1st class, 3 to the 2nd class,1 to the 3rd class, 2 to the 4th class and 1 to the 5th class. In water fl owing from a forested catchment area, 8 indicators allow it to be ranked in the 1st class and 3 in the 2nd class. The tendency for a larger decrease in the water quality of foothill streams in rural settlements and agricultural areas than in the case of wooded areas is confi rmed by research conducted by Pijanowski and Kanownik (1997) . This statement, based on studies conducted by Rajda, Natkaniec (2000) and Koc et al. (1997) , Misztal (1998) , Zbierska and Szoszkiewicz (1992) is justifi ed by the impact of agricultural land use, the vicinity of farms, and the lack of sewage systems in compacted built-up areas or scattered housing in which the often encountered practice is the delivery of domestic sewage directly into the streams. An unfavourable impact is also caused by the presence in farms of leaky sewage tanks (without outfl ow), collecting tanks for liquid manure that are not tight enough, and inappropriate manure pits.
CONCLUSIONS
On the basis of a direct quality assessment of single water samples it was found that only water fl owing from forest areas can qualify to the 1st cleanness class. It turned out that the most polluted was water from rural settlements and agricultural areas, which qualifi ed most frequently to the 5th class. The quality analysis by a direct method proved that the indicators which lowered the water quality the most were biogenic compounds and calcium, and the least were sulphates, chlorides and reaction. It has been shown that in the case of small water streams situated in rural settlements and agricultural areas, the water quality was lowered most by phosphates (to the 5th class) and ammonia (to the 4th class). In water fl owing from a typical agricultural microcatchment area, its quality was decreased the most by ammonium (to the 5th class). Water fl owing from forest catchment areas was characterised by decidedly the best quality. The water quality of streams which drain foothill microcatchment areas was decided chiefl y by phosphates, nitrates and nitrites.
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